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CAP^LITY 0 ° F M0DULATING AND DEMODULATING RLL CODE HAVING IMPROVED DC SUPPRESSING 



(57) Abstract: 

PURPOSE: A method of modulating and 
demodulating an RLL(Run Length Limited) code 
having improved DC suppressing capability is 
provided to effectively suppress a DC component of 
a codeword stream by using characteristics of a 
codeword of a conversion code group for data 
modulation. 
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CONSTITUTION: An input data is modulated using a 
DC suppression control code group separately from 
a conversion code group for data modulation. The 
DC suppression control code group mitigates a condition of generating redundant codeword or condition 
of available codeword with respect to the conversion code group for data modulation while using 
codeword characteristics of the conversion code group, that is a parameter indicating a DC value in a 
codeword and a parameter estimating DSV transition direction of the next codeword, so as to increase the 
number of codewords of the DC suppression control code group, thereby improving possibility of DC 
suppression control. 
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s®m s^s 02j Mm 

dlHf W EIK RLL(d;kj# <2t^Sfe 3E?4S2| 4=S ^ OI^QIS BCf. #»l 0IE1&- 3Eg A|g 
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SEH2I abiEfa ^5*>s M5 Mi sichai: 3E«e,5eb§ a.effiW; dis 3e?-ie°i : sschi m- 

& M5Shlkl SIS «!■» 3ESIE7I #SH 24S 3E UEHJIS 33 tteraiE1(NC6)M BdSfe.B 

A,. gds.33' E^mia(NCB)^ xiAisfe be 3#wiai.¥ th^j sath.^3 3E$iE7i ptosis aim 

7HSI litt S3 3E3E7I- £il§M £g 3ESIE2I 3E -HS^OI/nKK SB 3E^=..;S- 
3E£|E Efe £ etSB 3ESIE S SHJ-i W&W '£«f&« 19° 
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S SSPil SjgElfe RLL 3E US £Sg SSE9 E,3a S! E 3tW| 2tCHAI, .38|rc.-S5 S IJOI 
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(x ; 3H?Te| #^ EEWIEKy) a *k H|M*(blt( i),b.t(j ),bit(k))# a^AJ2CKE 3a°l S101. © 
M), OPlAi, %ofe 35 ?d adl(d)g IS SQv 3D! aOI(k)g 8S Sf3, aiOIEI uim aoi(m» 
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LZ(p) EZ(fi). CZ(c): EZ(c) 

LZ(p)2^ DZ(c)S ^ OIS 3SSIE2hS*ll SE^ELH 21.-31 E( \mWfM&^W'...;W®m'm®m$m! 
OIS 3ESIE2I- 8X1 3E$|ELK2| SSEfend) «|S4?0ID. DSV= 3ESIE ^MgJMAJ CJAIi W St 
(Digital Sum Value iff codeword stream) gf321 3E'$IE iliiWAr 1 01 LfStliDfQ .1SS*'jJ@ 

sma mm\M og < --rs ?84om js '+rs 3114*1 stoick, zm%mwM am tr; 

2t(dlgital Sura Value in a codeword) ^, SMS) SESlELHOIlAi 1 Ol tmHHOtO %\B * #2 

stubow/ds M-s n£s;iii ic *i s aoim invs D-s sesiesi sore & 4 sts 
tiaaiHs^.,aE^BJMfl*iv^i?si; M ^Hors ihvsi iB^i&isaffig. on i#ioM3, 3ESiEUi 

MAi 1 S| ^K «4?H0|3 INV2J :iD2KllE12| 1,( INV=1)0IH, 3= 3gg -?#©K7| $| 




osv sflHi lia'asidi Dsvztg. masm, i nvshji -i -oig; cm 3e$esj csvsj 
~m 3 aEsiE disjpsi ipsja Dsvsam tasfoi osvai adtHif 

0KIH2J ^Mis WIS Sf9 INV, CSV, DSV EfEIOiEife 0M& HOI ?0)SCh, 

SEsle, s o d o o:i o o d i o d i o o d o o i d o 1 do i d: d i o/d o 
im i. i o 

CSV i +1 -3 

3E>sMi!: 0 0 0 0 1 1 1 1 0 d 6 1 1 I I 1 1 0 0 0 1 1 1 0 0 0 1 1:1 1 

DSV : -1-2-3-4-3^2-1 0-1-2-3-2-1 0+1 +2-3+2+1 0+1+2+3+2+1 0+1*2+3+4 

AH7ist> 3e°i 4w m?\ 9\n 3e=;smai7|3; besie^i 3e^e7i siii£ ¥^oui 

HI (d.k) £2g 5mA|?l7l $ISH IEH3IE1 EZ S:m aAfslO(S106 B78); 01 EZ SSH DO- €^mHl ITS 

3ESIELH°I SE fliS*(EZ)71 0 — EZ < dOIS, IlEKIlEi N03(Next Code Group)= MC62(Main Code 
Group II )E:M^Ei 3ESIE71 « ^ ^E# ^S^CKSIO? 

3ESIE2J EZSOI d EZ yOlS,, 3E3E7F S^fEIS' -X» SEWAKSIOB &7I), lEt^l f 
ag -ltojc g S2H°| 3ESIEOI9 NCG^DCGi (Decision Code Group l )ES^E1 OB 3E$IE7h g 
4= SiEf AISS13, 3ESIE § HWIi! 3ESIEQIS NCG£ DC62(Decision Code Group. Ji)S^ 

El Zm 3ESI E71 : * 4= 2tEi| 73StfCKS109. 9») • 



.STReWr/d 2A1S SE9IE2I EZ2iOI y < EZ t* kOITilll S108 BXIOflAI EZStOI d y EZ ~ yOlS 
A^ i-'5Stfil*i^S aE^lEOIS, il ; aS«E€ NC671 MCG1(Main Code Group I )(MIAI DI 3ESIE7i S 

* sissf Xist.O(si id s-fli ) : 

0|E1*f (d,k) 23f:Wle 1E?IE2| NCGS "SSaKB-V 01 NCG01I D>a 4 SESE CM (HI 

Mi 3E3IESJ 3E HgOl ISEIDj, 3E?IEar 3E94E71 3SEI£ ^MOflAIS (d,k) 

g E.>^A|?JQ, OI7W, EZabl d '• EZ •• yg 2.^51^ 3ESHS- S^AI?lfe 01 EZStOI 

o.i,. .,d-,iHj SEtom tmHk osv ie nmmm oissioi 3E*ie igesi osv siojg gAitioi 
sal DC g^s essrs^i ^WpiO-. 

OWH. 7i 3E HeOil SX8oi= 3E$IE» DgtHI 2^ 3E?4ESk| IE AlAISfe NC6= 3 

E?JE°I ?SE XHS4(EZ)S 2A1SI01 EZ ^ d-1 ^W= NC67t MCG2# AlAISfEs t[H. d — EZ - y 

013. §S|S 3^01= NCG71 DCG1 E= DC62M AIAISIES S13, y < EZ — kOITJLK'd. ? EZ ^ yOl 
3 3E?JE71 S^EIAI STS S^OIIfe IC6> N0G1& WAI8tE« *hO| SIGH ^ ^01 kS S= 
S^OJ ;3E°( flej^g: B'a 4t SIEM SI01 3E2J DC ,2J^ "^=5f t, F ^AiaQ. 

3E 3M^M 3E?JE# M= Stiai-^?iS| 3E 3^.21 ^gOfl.IHtll MStKH-. 'lE3iif 3E$| 
E# ^71 ^ffB AIS SE^IEtHSJ 3|E aSi>(tZ)§ Olgsl^ Oil Sill Oil Aic 3E?j ELH2| LZ^g 
aAE-H-i. 

3E^ELH°I LZ^I xffiEh ^TiU SS. 3 :3E?-|E^ MC61CH1 «S^(E 3b2J SM2 Bl) • LZ . 

StOI xSQ # 3E*|E§ MG626il Tastr^ tfi 3 3E5IE2J £M£ SCGIOfl SGfl Sib SS& ; «lS2lift' 
?^ 3ES|Eai UI3SI01 MCB12J 9I«2| 3E$IE£f 3>l^tK t> ID/EWIE1 INV21 ^KjU CSVHJ ^2 

7^h:h°j a°s hh*isj-eksii3 eph), bs inv°i ^gsi- csv°i emiS! 201 st^s csv°j 

¥±7k s.tHa, aa^ ?a ^*is ^3 3 chisi ^?i= invsj jisoi ^ei 223 uhxisck 

0151711 3E?4ESS BHXISlfe OIS& Oih *r3ESIE2j NC671 MCOIOIU MC62WIA) OWi 3E9JES M 
EMEm AlAISI^ S :3E. 3SLH2I -g.a^ M£a» : .WS 3E?IE?1 ^AlOil (d,k)..22a.:S«l 

*!09' 3E?-IE ^Mg°| DC 21&0I SEISITil 2SEI= SERIES mti 4= Si?il t^2f gAIOil ^ 3E 
3gLH2| 3E?JE°I INV2J #9 S CSV°| ¥h7> 6.4310132 DC «IOi71 ^ 3E9JE S §KJ= 3^2! 
SHI 4= 2i7| IMSOIQ1. 
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?ixi(Hi uH^iAigjcK^oi^ wiEi?h ^ta# w m& &wm m±&m\ m wsmy, $m,& 

711 LH*1 £11:6 BTflS MEH^^^^SmS, 3^1 timm^mwr 1 ' (1 Oxxb LZ=0.)OI^ 0 ^ 4bl 




WIM, BE 3iflC61 , MGQ230ia §4e|X| &g BE«E§| C(#WI £fe BESIE7F 

2*£ :.lE-2iM S^IDl > BE Sg- BE ag(DC8b DCG2)0IEf^£, "S^aESE. 

2| DSf .£fe aESJE^ ^oB 2fe BE §H)tHZK DIH^l^MiB BE HISW BIOIES £28 

BE 73t!o>I2> ^111 LH7J «I3 DSV BE 311 DB 2|W *MH£ BE 3M0IEKQ <S! 

th mew, ***wr Pisa he nmm a» ^M &at o^tii s:s»r *'£ aaaun be 
gate imi* m\M ftpiLw s^Era pattcra spE 1^ aoip;. 

ES!-, 3 - EZ - : y2! BEM0I DCG101Q DC62LH?! BESIEgaKdikje EMAILS Al 3^EI9| ^|§U 
Al= 012 BES4E2J oflc -38134 EZ(p)£|- SSi BESIE3 EIE Mk4 LZ(c)2J # EZ(p)^LZ(c)01 d 

- EZ(p)+L2(c) — km EL^oHO^ ?>^^. ^eiOiU DC62B1 LZ(c)£ LZ ^ k-yM ■■ B«M fit . 

MM 401, 010101000010 2J BE$|E~?|- E 4c(HI EAO BK* -HOI M061LH01I ^ 7H ^XHM UH , , £^ 
3ESIE e SBHHJ BESiE- * 01 01 01000010*011 CH*h -^±W\ 129, NCG?! DC6101J2,.. g.^ BES1E g 
BE£|E '010101 000010;0fl CHi!" ^22tf3| 130, NCO^F DG620IEK §1-3 5E?JE '010 101000010 

■.**srtr"in n dsoii " be$i ej\ mm' ocq2(hi si^lwi co-bi- 129 es 130M ^ 

E 3a S E 3b(Hl { WHM -SHM/SiaS ..^ggp IE 3i ! MC61, MC62S^ IE gg- 
"3E 3I DGG1, DC62*| ME g& EilOlSS E 4a LfiW E 4d0fl EAIS ■ Ufif WQ. 

osv be ngmei ^sai-. hhxioii choh ^ssa dsv ie nmwz b wswim besie 

LZ - 1 ". 82! - BE£| EtS . MC62& 1^ : . ^Ixi °1 5E0! 3A1 ;&CH ^ -CSV ^2>, BfCH2(.. 1 NV ,§9 g ?Si 
3 1 DSV 5BE nSOll . UHMS^S1 17- STtl ); LZ:= 0"i£ 6 E£ 7°!. SE^IESS DC61]IK;irg 3 

E0I3AI tftH°i csv2j emi°i inv ^Se *e« t;ii2 dsv he hmoii m»«sa-(sn8 c ef7i) , &g 



SfH-SS LZ ? 1 : " 3°] lE^iEl^ lJ(Mf-i§ $fx|2J SEOISAI BH3T2| CSV ^2, ^cho| , NV egg 
?>E* 13 DSV ME OSOHI .HHx!^GK(SVV9 

[CfEPAl, DSV BE 3#21 d ^ EZ(p)+LZ(c) ~ kg H.^^Ai EZ(p)^h0^ . EIHS LZ(c)^ 

1""82I XIII DSV 5E HSOiiAl 3E^JEM il^HI, EZ(p)^h 1 30I3A1 SNS 5E?4E S SEH?| H 
E0I3 CfM BE?4E^ LZ(c)7h Olu 6 E^ 721 BE?4M0| ^oH Si S MZ DSV BE HMDflAi BE?4 
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ES LZ<c)7K 1* 32! B^^IEf 01 Si£ X13.DSV BE ZlSOflAi BE$4E# SiO.. 
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SKA RLL a E°J SMi iai ^SoPIS^CK 

■S..HSM SIS* Btt92|. S . ^A|O0.OB,Ctte sgE3 E. 1.0a a E 10b01 »01Ai, SLS01I QSiaE 
3MS LIEfLHB B}E|tl|Ei:. NC6e S- WSAlf I3A{, 94= nS 27IU8r3(E IQaHJ S201 331). 

14= nM 1 §?>AiadKS202 3*1) SCI 3ES tifflft 33X11 59*1*1(8203 BTfl), £r&5>= 
AISQIS . DC mSSPjOfl &E\$i »?|. leg 6fEISr= §71 £fgj 4^ ^(S204 3*1). M4* nS 

f BTRPFfe S202 &)m SLISOfSO. §71 CfSlQfl aSSIE^ *§ aESlE 3g0il*| &0|Ofc 
OB m0\ -IfiStGI-i C&aAi/ S-;S92l/g,£AllHI0|A1s gj?| PSWaS AlSSfe NC8S 
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2UH3IM'OI4Kri - ; 2) MOIEIg WSIS3(^06 EtJI'),, OISWI a^S QJOlEiSq Sj^g 3S»Sf : » 

5 NCB(Next Code Group: QgOfl g 4 s -: Si=. aE$IE7r <%*H ;Sl= IE 3M# JlSSfe / ttBOlEI )2! 
NCG[n-2Jg 2A&H1KS20? BJfl) S207 971IMAI 2A1- NC6[n-2)9h 1013. B^h3» ste 
□10! Ej MnrllOU slSSfe S'M«ISfi W&fflH WOlAi, ;#0RE! aE^IEl cod2[dt[rp1J)S 

OlQI fiB Oig aE*IE iac[n-2]eV*<AH SMlilW Sl= 3E94E cod2(dt[n-1])MOIOfl S SOI 
(d,k) 2E.a» Ste AI 2AHCKS208 B71I) 01 S E0MAIS rl Lcheck( (roc[n-2],cod2(dt | ri- 

ll ))=(d,k)?S EAIEIOi 5m. S &-SIHIAI AfgfeH (d,k) 22£ d=10ia, k=80|ELK Et.t EAIi! 
cod1(dt(nrlj.)^ CflOIEI^ ffiiil- a E "JEff • MGQItHI AI #3, odd2(dtln'1 J)^.gJ^ El|0IE1°j ffi 
SEItt aE?JEg MCQ201IW ^3, cod3(dt|n-1]m QI0IE1HJ ^i£EIS aE¥JEM 0C61WIAI §T3. 
cod4(dt{n-1])S QIOIEI^ S2EI= DCB2CHIAI ^3, c6d5(dt[n-1])^ gjej DfiOIHSJ a 

2EI^ 3E?jE# M\ DSV 3E 3M01IAI aE?JES #3, cod6(dt[n-1 ] )B «0|E|°J ^5EIM a 
-82 DSV 3E agOilAI aE>-IE« #3, cod7(dt|n-1])= EB0IE12I e^EIS aE?JEg 
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■ E M2| ; S2O8i.&^0flAI 2 Ah if 2PI- S lOiS ttfS M0IE3 dt[n-1]01l oBS8fe 
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CU SS LIEHJI^ NCQ[n-J]a:fS:11011AI §2|S 01 
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hob °ioj assch 

S207 9711011 Al 2Ah S2>'7} NC6[n-2]^ 2013 SSI SiSHlXl- sfe CljblEI dt{iH]7f :)02MQ ^SAIl 
SSt!CKS213 371). S213 370O0AI S3" g2K7hdt|rM]0l 101MD 33 "SBS81S. 3ESIE! MC62O0AI 
S2-0. DIM cdd2(dtlHr1J)S XSo«3, NCQ(ji-1]S E 110IIAI §°I5! CHS ^«rCKS214 378). S213 
SfllOflAI SB BlPh dt[r^1]0l 1010|8K)I3 0101 g3 013 3E?IE mc[n-2]2F 7311 DSV 3E 

□tUTIMJi dt[n-1](HI tOS©fe 3ESIE3 cod5(dt[n-i])AIOI(HI (dik) 3 301 $IS!thAI Sf=AI 

gAFSF3(S215 3711), OIS rl l_check((iiic[n-2] / cod5(dtIn-1]))=(d,l<)?S UEHH3 2iE>. 

S215 3711 Oil Al 2A1 mM7[ ^ 30IS ?IBJ«(3 dt[n-l]= MC62tHi 2i= 3ESIEg3 3571 ^teSHB. 
NC6[n-1]g E 1101IAI §21S CHS -q?SJ= S214 37111 ••■^ttt. S21 5 371100 Al 2A^ S SOU 
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E il DC61, DC6201I 3E3EEI3 OIS SE$IE(5FD)°j 2!E WS^.S 2AfeCKS309 ©711) 
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